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Reabsorption of lithium and phosphate by the rat kidney: Role
of the parathyroids. Because of the possibility that lithium
reabsorption may parallel proximal tubular reabsorption in
general, the fractional excretions of lithium (FELl), phosphate(FEy) and sodium (FENa) were compared in rats preloaded
intraperitoneally with lithium during hydropenia and during
stepwise NaCl/HCO3 volume expansion at 150 and 600 til/min.
In intact rats, all three indexes increased significantly during
volume expansion. After acute parathyroidectomy, FE values
during hydropenia were 93% less than in the intact animals.
Again, FE11, FE and FENa all increased significantly during
progressive volume expansion, but the increase in FE,, was less
than 1% of the increase in the intact rats. When chronically
parathyroidectomized rats were studied, FEL, and FENa again
increased during volume expansion. However, FE,, values did
not increase, but remained at very low levels similar to those in
the acutely parathyroidectomized animals. Calcium and mag-
nesium infusion, separately and together, in other acutely para-
thyroidectomized volume-expanded rats did not decrease FELl.
The results indicate that lithium reabsorption in the rat is not
affected by the functional status of the parathyroid glands or the
presence of parathyroid hormone. Parathyroidectomy dis-
sociates changes in lithium and phosphate reabsorption during
volume expansion.
Reahsorption du lithium et du phosphate par le rein de rat:
Role parathyroides. En fonction de Ia possibilité que Ia ré-
absorption do lithium puissc étre paralléle it la reabsorption
proximale en général, lcs excretions fractionnelles du lithium
(FELl), de phosphate (FE,,) et du sodium (FENa) ont été com-
parées, chcz des rats préalablement charges en lithium par voie
intra-péritonéale, au cours de l'hydropénie et durant one
expansion progressive par NaCl/FTCO3 6 150 et 600 ud/min.
Chez les rats normaux les trois valeors augmentcnt significative-
ment durant l'expansion. Aprés parathyroIdectomie aiguë les
valeurs de FE,, en hydropénic sont inférieures de 93% it celles
des animaux intacts. FELl, FE,, et FENa ont augmcnté signifi-
cativement durant l'expansion, mais l'augmcntation est de
moms de l% de celle des rats intacts. Chcz des rats parathyrotd-
cctomisés chroniques FELl ct FEN,, augmentent pendant
l'expansion mais FE,, n'augmente pas, sa valeor rcste trés basse,
semblable it celle des animaux parathyroidectomisés aigus. Des
infusions de calcium et de magnesium, simultanées ou séparées,
n'ont pas diminué FELl chez d'autres animaux parathyroid-
ectomisés aigos soumis it l'expansion. Lcs résoltats indiqoent qoe
la reabsorption do lithium chez Ic rat n'est pas affectée par l'état
fonctionnel des glandes parathyroids 00 Ia presence d'hormone
parathyroldienne. La parathyroidectomie dissocie les modifi-
cations des réabsorptions do lithium et do phosphate au coors
de l'expansion.
Lithium, an agent useful in the treatment and
prophylaxis of mania, is excreted chiefly by the kidney.
Although previous studies in the dog have indicated
that the excretion of lithium varies directly with its
plasma concentration [I] and that the ion is concen-
trated in the hypertonic renal medulla [2], many details
of its renal handling are poorly understood. Current
evidence, largely pharmacological in nature, suggests
that renal lithium reabsorption after exogenous
lithium loading occurs predominantly within the
proximal nephron [3, 4]. If this is true, and if proximal
tubular reabsorption regulates lithium excretion, then
the renal reabsorption of lithium might be related to
that of inorganic phosphate, a solute reabsorbed
primarily in the proximal nephron of the dog and rat
[5]. The secretion of parathyroid hormone is an
important modulator of proximal inorganic phos-
phorus reabsorption [5] and conceivably of proximal
tubular fluid reabsorption in general [6]. Indeed,
studies in lithium-loaded man have indicated that the
administration of a parathyroid extract results in
diminished lithium reabsorption [7].
These experiments were designed to examine the
interrelationship of net lithium, phosphate and sodium
reabsorption during extracellular fluid volume ex-
pansion in the rat, and the effect of the functional
status of the parathyroid glands and concentrations of
divalent cations on this relationship.
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Methods
Clearance studies were performed in intact and
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parathyroidectomized male Sprague-Dawley rats,1
maintained on chow containing 1 .4% calcium and 1 %
phosphorus. All were deprived of food, but not water,
for 16 hours prior to clearance studies, except for a
separate nonfasted group. mactin (Promonta, Ham-
burg), 80 to 100 mg/kg administered intraperitoneally
(i.p.), was used for anesthesia. Parathyroidectomy was
performed acutely (two hours prior to the clearance
study) on one group of animals and chronically (four
to eight days prior to the clearance study) on another,
by either electrocautery or surgical excision of the
parathyroids. A tracheostomy was performed utiliz-
ing tubing (PE 360); cannulae of polyethylene tubing
(PE 50) were secured in the left carotid artery and both
jugular veins. The bladder was catheterized through a
short abdominal incision and ligated so as to minimize
dead space. Each animal received 10 ml/kg of an
NaCI/HCO3 solution (composition to be given) to
replace fluid losses during surgery. The animals were
placed on an electrically heated platform and main-
tained at a body temperature of 36 to 38° C via a rectal
thermistor probe. Urine specimens were collected
under mineral oil for each clearance period and the
volume measured gravimetrically. Sufficient arterial
blood was obtained at the midpoint of each clearance
period, anticoagulated with ammonium heparin, to
allow the separation of 100 d of plasma. Prior to the
clearance study, each animal received an i.p. injection
of lithium, 4 mEq/kg, from a solution containing Li,
400 mM; Cl, 380 mM; and HCO8, 20 mM; adjusted to
pH 7.4 by CO2 equilibration.
A priming dose of 8% inulin (1 mI/kg, i.v.) was
administered and a sustaining infusion at 20 il/mm
was continued throughout the study. After an inulin
equilibration interval of one hour, three 30-minute
clearance periods were run during hydropenia. The
animals then were equilibrated for 15 minutes with an
NaC1/HCO3 solution (Na, 117 mM; CI, 94 mM; HCO3,
23 mM; adjusted to pH 7.4 by CO2 equilibration)
infused at a rate of 150 d/min, followed by three 20 to
30-minute clearance periods. The infusion rate of the
NaCI/HCO3 solution then was increased to 600 il/min
for another 15-minute equilibration followed by three
final 20-minute clearance periods.
Acutely parathyroidectomized animals used in a
separate group of divalent cation infusion studies were
equilibrated for 30 minutes with NaC1/HCO3 solution
at 600 il/min, followed by three 20 to 30-minute
clearance periods. CaCl2 or MgCI2, or both, then was
added to the NaCl/HCO3 solution at 600 il/min
(administering calcium, 15 mg/kg/hour; magnesium,
6 mg/kg/hour; or both simultaneously) for another
30-minute equilibration and three 20-minute clearance
periods. Subsequently, NaCl/HCO3 (without added
calcium or magnesium) was equilibrated for 30 minutes
followed by three 20-minute "recovery" clearance
periods.
Plasma and urine were diluted appropriately in a 1 °/
lanthanum, 5% trichloroacetic acid (TCA) solution.
Inulin [8] and inorganic phosphorus [9] were measured
in the lanthanum-TCA supernatants by automated
colorimetric methods. Calcium, magnesium and
lithium were measured in the lanthanum-TCA super-
natants by atomic absorption spectrophotometry.
Recoveries of total calcium, magnesium and lithium
from plasma and urine specimens were complete in the
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1 The rats' weights ranged from 300 to 445 g except for two
animals weighing 180 g (one intact and one acutely para-
thyroidectomized, Table 1). The data from these two smaller
rats were not excluded, since they did not differ significantly
from the means of Table 1.
Fig. 1. Fractional excretions of lithium (FELt), phosphate (FEy)
and sodium (FEN) in individual rats at two rates of NaCI/HCO3
volume expansion. Each point represents the mean of 3 clearance
periods, with the lines connecting different experimental phases
in the same animal. Whereas FEL, and FEN were relatively
unaffected by acute or chronic parathyroidectomy, FE was
substantially depressed at any level of volume expansion,
independently of the duration of parathyroidectomy. P values
refer to paired comparisons at the two NaCI/HCO3 infusion
rates.
198 Steele/Dudgeon
Table 1. Summary of changes during volume expansion
Inulin
clearance,
mi/mm
Plasma
lithium,
mEq/liter
FELl
x 100,
%
Plasma
phosphorus,
mg/liter
Intact fasted rats, N= 14; weight, 332±4 g
Hydropenia 2.1 (±0.1)
VX, 150 ol/min 2.4 (±0.2Y
VX, 600 J/min 3.0 (±0.2)0
2.7(±O.2)
2.1 (±0.2)0
1,5 (±0,3)0
20.4(±l.3)
18.9 (± 1.3)
29.7 (± 1.5)0
52.7(±3.5)
59.5 (±2.6)"
58,3 (±2.0)'
Acute PTX, N=l2; weight, 335±5 g
Hydropenia 1.9 (±0.2)
VX, 150 il/mm 2.3 (±0.2)
VX, 600 il/mm 2.8 (±0.2)0
2.6 (±0.1)
2.0 (±0.1)0
1.4 (±O.IY'
16.7 (±2.2)
16.7 (± 1.9)
27.! (±2.4)0
56.4 (±4.1)
62.1 (±3.6)0
61 .0 (±2.7)
Chronic PTX, N= 8; weight, 321 3 g
Hydropenia 2.2 (±0.1)
VX, 150 ol/min 2.7 (±0.3)
VX, 600 il/mm 2.5 (±0.2)
2.9 (±0.4)
1.7 (±0.1)0
1.1 (±0.1)0
23.6 (± 1.4)
27.9(±2.5)
45.2 (±2.3)"
91.2 (±3.1)
87.5 (±3.6)
85.0(± 3.2)
FELl, FED, FEN are the fractions of filtered lithium, inorganic phosphorus and sodium excreted, respectively; VX, volume expansion with
NaCl/HCO3 (see Methods) at the infusion rates given. All values are mean (± SEM).
b, C. 0 Significant paired comparisons with hydropenic values: b<0.05; CF<0.01; "P <0.005.
lanthanum-TCA supernatants. Sodium and potassium
were measured by flame photometry, utilizing a
lithium internal standard. The ultrafilterable fraction
of plasma lithium ranged from 93 to 98%, as de-
termined utilizing membrane cones (Model CFI 50,
Amicon Corporation, Lexington, Massachusetts);
prior to centrifugation at 37° C, the plasma was
equilibrated under mineral oil with 5 CO2.
For each experiment, the results during hydropenia,
and NaC1/HCO3 infusion at 150 mI/mm and 600 .d/
mm were averaged separately. Because results were
similar following parathyroidectomy by surgery and
cautery, the data were pooled and only designated as
"acute" or "chronic" parathyroidectomy. Statistical
comparisons were made utilizing Student's distribution
for paired observations between different experimental
phases in the same animals. The unpaired Student's
t test was utilized in comparing results from different
groups of rats.
Results
Data during hydropenia and NaCl/HCO3 volume
expansion at 150 and 600 il/min in the intact, acutely
parathyroidectomized (acute PTX), and chronically
parathyroidectomized (chronic PTX) lithium-loaded
rats are summarized in Table I. The fractional ex-
cretions of lithium (FELl), inorganic phosphate (FEy)
and sodium (FENa) of the individual animals, at the
two rates of NaCI/11C03 infusion, are depicted in
Fig. 1. Inulin clearance (GFR) increased significantly
during volume expansion in the two former groups.
Plasma lithium concentrations during hydropenia
were comparable in all three groups of animals and
decreased in parallel during volume expansion. In the
intact animals, FEL, increased from the mean of
20.4% during hydropenia ultimately to 29.7% after
NaCI/HCO3 infusion (P<0.001). A similar range of
values for FELl was encountered in the acute PTX rats
(Table 1). In the intact animals, FE averaged 1.23%
during hydropenia and increased to 18.0 after
volume expansion (P<0.001).
As reported by Frick previously [10], the change in
FE in the acute PTX animals differed markedly from
the intact group. Although FE increased to a statisti-
cally significant degree during volume expansion
(Table 1), the initial values during hydropenia and the
final values following volume expansion were far less
than those in the intact animals. Lithium reabsorption
and its response during volume expansion, however,
were unaffected in acute PTX animals. In the present
experiments, the natriuretic response to volume
expansion appeared significantly diminished following
acute parathyroidectomy. Although absolute sodium
excretion increased substantially in the acute PTX
animals, FENa did less. In the intact animals, both the
absolute and fractional excretions of sodium increased
markedly (Table 1, Fig. 1).
Because surgical trauma may have influenced the
results in the acute PTX animals and because the
prolonged absence of circulating parathyroid hormone
may affect the tubular reabsorption of phosphorus in a
manner differently from acute PTX [11], eight chronic
in intact and parathyroidectomized animalso
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FE0
x 100,
%
Sodium
excretion,
Eq/min
FEN0
x 100,
%
Plasma
calcium,
mEqiliter
Plasma
magnesium,
,nEq/Iiter
1.2 (±0.6) 1.5 (±0.4) 0.56 (±0.14) 4.3 (±0.04) 1.3 (±0.02)
5.5 (±1.7)° 1.2 (±0.2) 0.41 (±0.1)0 4.1 (±O.l)d 1.2 (±O.O3)d
18.0 (±2.5)" 6.1 (±O.S)d 1.8 (±0.3)" 3.6 (±O.1)d 0.97 (±0.04)"
0.08 (±0.01) 0.52 (±0.1) 0.20 (±0.03) 4.9 (±0.1) 1.4 (±0.1)
0.08 (±0.01) 0.40(±0.1) 0.13 (±0.02)" 4.5(±0.2)d 1.3 (±0.1)"
0.21 (±0.05)" 2.3 (±0.6)" 0.71 (±O.23Y' 3.5 (±0.1)" 1.0 (±0.04)"
4.13 (±2.49) 1.9 (±0.3) 0.65 (±0.13) 2.8 (±0.1) 1.2 (±0.02)
0.60 (±0.33) 2.1 (±0.3) 0.55 (±0.1) 2.6 (±0.1)" 1.2 (±0.03)'
0.4! (±0.06) 9.7 (±0.9)" 3.0 (±0.03)" 2.1 (±0.03)" 0.94 (±0.02)"
PTX rats were studied during hydropenia and volume
expansion (Table 1). In the chronic PTX animals,
mean serum phosphorus concentrations during hydro-
penia were substantially higher than those encountered
in the intact or acute PTX rats and the serum calcium
concentration ranged from 2.3 to 3.1 mEq/liter. In
these animals, FE during hydropenia was extremely
variable, ranging between 2.4 and 19.5% in three of
the eight animals; in the other five, FE ranged from
0.03 to 0.5%. After volume expansion, plasma phos-
phorus values tended to fall, but not to a statistically
significant degree. FED, however, was strikingly
diminished in the chronic PTX animals after volume
expansion (Table 1, Fig. 1). In the five chronic PTX
animals with low FE,, values during hydropenia, the
mean hydropenic and volume expansion FE values
were 0.238±0.0910/,, and 0.384±0.O83%, respectively
—values which did not differ significantly. The blunt-
ing of FE,, during vigorous volume expansion occurred
concomitantly with a striking natriuretic response
(Table 1, Fig. 1). In addition, mean FEL,, although
commencing from hydropenic values similar to those
in the intact and acute PTX animals, increased to
45.2 2.3% following volume expansion at 600 l/
mm. Thus, FELl and FENa increased in parallel in
intact and chronic PTX animals, but not after acute
PTX. Parathyroidectomy, whether acute or chronic,
appeared to diminish drastically the phosphaturic
response to NaC1/HCO3 volume expansion, even
though a few chronic PTX animals had relatively
elevated FE,, values during hydropenia.
Because of a report that the phosphaturic response
to volume expansion is blunted in fasted rats, as
compared to nonfasted animals [12], the same experi-
mental protocol was carried out in five nonfasted
rats (Table 2). In these nonfasted animals the natriuretic
responses appeared somewhat blunted, but phos-
phaturic responses to NaCI/HCO3 volume expansion
at 600 il/min appeared similar to those in the fasted
animals (Tables 1, 2). Likewise, the increment in FELl
Table 2. Lithium and phosphate excretion during volume expansion in nonfasted intact rats0
Inulin
clearance
mi/mm
Plasma
lithium
mEq/liter
FELl
x 100
°,/.
Plasma
phosphorus
mg/liter
FE,,
x 100
°,/0
FENO
x 100
%
Hydropenia 2.3 (±0.3) 2.8 (±0.3) 16.8 (±2.4) 67.4 (± 13.6) 0.53 (±0.35) 0.20 (±0.05)
VX, 150 fl/mm 2.5 (±0.1) 2.3 (±0.1) 15.6 (±2.3) 75.5 (± 11.7) 3.5 (±3.0) 0.12 (±0.03)
VX, 600 d/min 3.2 (±0.3) 1.6 (±0.1)" 24.6 (±3.3) 74.1 (± 11.9) 15.9 (±4.2)0 1.22 (±0.94)
a All values are mean (± SEM)in five animals. See Table 1 for abbreviations and footnotes.
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Table 3. Effect of calcium and magnesium infusion on renal lithium
Rat Inulin Plasma
No. clearance, lithium,
mi/mm rnEq/iiter
FELl
x 100,
%
FFEP
x 100,
%
Plasma
calcium,
,nEq/iiter
I DYC R I DVC R I DVC R 1 DVC R I DVC R
Calcium infusion (during DVC phase)
53 2.8 2.6 3.3 1.49 0.98
54 3.3 2.8 3.2 2.1 1.5
55 3.2 2.7 2.9 2.2 1.5
0.81
1.5
1.3
34.8
39.1
22.9
31.6
34.0
31.3
34.4
31.5
29.3
0.20
0.20
0.21
0.12
0.22
0.18
0.16
0.11
0.13
3.3
4.1
4.5
3.8
4.3
4.9
3.0
3.5
3.7
Magnesium infusion (during DVC phase)
58 2.5 3.1 3.4 2.1 1.1
60 2.7 2.7 2.1 1.6 1.2
61 3.2 2.6 2.4 1.8 1.4
0.89
1.1
1.3
29.0
33.4
28.2
48.7
38.7
27.7
43.8
32.3
22.1
0.32
0.12
0.25
0.22
0.11
0.29
0.13
0.24
2.28
3.5
3.7
3.9
3.4
3.0
3.2
3.2
2.7
3.2
Calcium + magnesium infusion (during DYC phase)
62 1.9 2.1 1.9 7.7 5.4
65 2.2 2.9 2.8 1.1 0.87
4.1
0.72
21.2
21.0
19.5
16.7
20.5
17.6
2.1
0.47
10.1
0.56
12.4
0.17
3.7
3.5
4.6
4.5
3.4
3.3
0 Eachvalue is the mean of three clearance periods during the following one-hour intervals: I, initial phase, NaCI/HC03 infusion at 600 d/min;
DVC, divalent cation infusion of calcium (15 mg/kg/hour), magnesium (6mg/kg/hour), or both, added to the NaCl/HCO3 infusion (continued
at the same rate). R = "recovery" phase, NaCI/HCO3 infusion at 600 i1/min. nEq =nanoequivalents.
in the nonfasted rats was very similar to that in the
fasted animals.
Since decreased plasma calcium and magnesium
concentrations paralleled an increase in FEL, values
(Table 1), the role of altered plasma and urinary
calcium and magnesium in modulating lithium re-
absorption was studied in eight additional acute PTX
rats (Table 3). After initial volume expansion with
NaCl/HCO3 at 600 h/mm for the same duration as the
experiments already detailed herein, calcium or
magnesium chloride, or both, were added to the NaCI/
HCO3 for a second phase. Calcium and magnesium
then were eliminated from the infusate and NaCI/
HCO3 was continued at 600 1.d/min for a subsequent
"recovery" phase. After calcium infusion alone,
plasma calcium increased by a mean of 0.3 mEq/liter
and calcium excretion increased markedly (Table 3).
FELl, however, remained constant or tended to
increase during calcium infusion. Similarly, during
magnesium infusion alone, plasma magnesium in-
creased by 0.5 mEq/liter and magnesium excretion
increased strikingly. Again, FELl either remained
relatively constant or increased during magnesium
infusion. During the recovery periods following either
calcium or magnesium infusion, FELl showed no
additional tendency to increase. Furthermore, in two
experiments with combined calcium and magnesium
infusion, FELl varied within an extremely limited range
(Table 3). Sodium excretion changed variably during
calcium or magnesium infusion (Table 3). During the
recovery periods after the cessation of calcium or
magnesium infusion, however, both the absolute and
fractional excretions of sodium significantly exceeded
their preinfusion values (P <0.05).
Discussion
Studies by Thomsen and Schou in lithium-loaded
persons have indicated that both acetazolamide
administration and the infusion of sodium bicarbonate
enhance the excretion of lithium strikingly [3]. In the
dog, Fulop and Brazeau previously had demonstrated
that acetazolamide and sodium bicarbonate also exert
striking phosphaturic actions [13]. In more recent
studies in lithium-loaded humans, the administration
of a parathyroid extract consistently resulted in a
significant increase in the fractional excretions of both
lithium and inorganic phosphate [7]. Thus, the results
of all those studies are consistent with the hypothesis
that lithium and inorganic phosphate may share
common or similar reabsorptive transport mechanisms,
at least partially controlled by the action of parathyroid
hormone.
In lithium-loaded rats, the infusion of isotonic saline
solution resulted in an increased fractional excretion of
lithium [4]. Frick showed that the phosphaturic
response to saline loading in the rat is markedly
diminished either after acute parathyroidectomy [10]
or by concomitant calcium infusion [14], the latter
maneuver presumably preventing stimulation of the
and phosphate handling in parathyroidectomized rats
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Calcium
excretion,
nEq/min
Plasma
magnesium,
mEqJliter
Magnesium
excretion,
nEqimin
I
Sodium
excretion,
pEq/min
DVC R I
FEN
>< 100,
%
DVC RI DVC R I DVC R I DVC R
248 432 348 1.1 0.89 0.73 154 129 113 3.6 5.5 14.0 1.0 1.6 3.0
194 853 662 0.87 0.62 0.53 165 115 94 5.2 4.5 9.7 1.2 1.3 2.8
380 900 620 0.72 0.52 0.43 185 113 56 2.3 4.5 6.6 0.6 1.0 1.7
213 467 398 1.0 1.6 1.1 59 951 546 6.3 11.9 25.3 1.9 2.8 5.3
449 668 420 1.1 1.5 1.1 282 1224 528 4.7 8.0 12.8 1.2 2.0 3.9
156 413 73 0.93 1.5 1.3 138 673 131 5.4 3.2 1.8 1.2 0.8 0.5
123 581 217 1.6 1.8 1.5 317 1060 439 14.2 12.2 13.0 5.2 4.4 5.6
206 1423 915 1.1 1.5 0.96 308 1494 831 — — — — — —
parathyroid glands by a diminishing serum calcium
concentration [15}. Our results agree with those of
Frick. In our studies, FE0 in intact rats increased
substantially during NaCl/HCO3 infusion. After acute
parathyroidectomy, however, FE0 commenced from
very low values during hydropenia and changed only
slightly during progressive volume expansion (Table 1,
Fig. 1). In spite of the marked disparity in phosphorus
reabsorption between the intact and acute PTX
lithium-loaded animals, lithium reabsorption was
essentially unaffected. FELl values during hydropenia
and at two rates of NaCI/HCO3 infusion were similar
between the two groups (Table 1, Fig. 1). After acute
parathyroidectomy, changes in renal phosphorus hand-
ling were not accompanied by accelerated lithium re-
absorption. Kuntziger, Arnie! and Gaudebout have
reported that fasted rats with intact parathyroid glands
do not manifest a phosphaturic response during saline
diuresis, while nonfasted animals do [12], and suggested
that this disparity might result from changes in
parathyroid secretory activity. Our studies in a small
group of nonfasted intact rats showed a phosphaturic
response to NaCI/HCO3 infusion which was similar to
that of the fasted animals (Table 2). FE0 values in the
fed animals paralleled those in the intact fasted rats.
In the acute PTX rats, both the natriuretic and
phosphaturic responses to volume expansion were
reduced despite comparable values for inulin clearances
(Table 1). Gradowska et a! recently have reported that
extracellular fluid volume expansion is far more
efficacious at producing phosphaturia in the chronically
thyroparathyroidectomized dog than in the acutely
thyroparathyroidectomized animal [11]. Those investi-
gators postulated that the prolonged absence of
parathyroid hormone might importantly affect phos-
phate reabsorption, somehow allowing a greater
phosphaturic response during volume expansion. In
the present studies, the eight rats parathyroidectomized
four to eight days previously manifested brisk
natriuretic responses to NaC1/HCO3 infusion (Table 1,
Fig. 1). Nevertheless, their phosphaturic responses also
were blunted as in the acute PTX animals, but again
FELl showed no such tendency. Therefore, in the rat,
both acute and chronic parathyroidectomy dissociate
overall changes in lithium and sodium reabsorption
from phosphorus reabsorption. Although plasma
concentrations of both calcium and magnesium
decreased substantially during NaCI/HCO3 infusion
(Table 1), neither the plasma concentrations nor the
urinary excretion rates of these divalent cations
appeared to consistently affect the reabsorption of
lithium or phosphate in acutely parathyroidectomized
animals infused with calcium, magnesium or both
following volume expansion (Table 3). Therefore, the
present studies do not offer any evidence that altered
divalent cation concentrations per se during volume
expansion affect the tubular reabsorption of lithium or
phosphorus importantly.
The relatively modest natriuretic responses to
volume expansion in the present studies, and par-
202 Steele/Dudgeon
ticularly the lack of response to NaC1/HCO3 infusion
at 150 pi/min, might reflect an inadequate degree of
volume expansion. Lithium infusion in the dog has
resulted in a diminished plasma volume, presumably
following a fluid shift to the intracellular compartment
which accompanies the cellular permeation of lithium
[16]. Since all the rats in the present studies were pre-
treated with lithium, the data neither confirm nor
exclude this possibility. In recent preliminary results
from our laboratory, although renal tissue water
content was increased significantly in lithium-treated
rats as compared to sodium-injected controls (un-
published observations), the two groups differed little
in their natriuretic responses during prolonged NaCI
infusion at 150 p1/mm. In the present studies, massive
NaCI/HCO3 volume expansion at 600 p1/mm was
accompanied by a significant natriuretic response in all
three groups of animals in Table 1.
Although data from various pharmacologic and
physiologic maneuvers have led to the proposal that
lithium is reabsorbed exclusively in the proximal
tubule [4], direct observations are lacking. Indeed, the
results of one stop-flow experiment suggested that
lithium is reabsorbed in the distal nephron [17]. An
important characteristic of the renal handling of
lithium in the dog is the observation that the clearance
of lithium remains rather constant over a wide range
of plasma lithium concentrations [1], implying the
existence of glomerulotubular balance for lithium re-
absorption. The results of the present study suggest
that this probably applies to the rat as well; for
example, rats 62 and 65 (Table 3). In the frog skin [18]
and toad bladder [19, 20], lithium transport appears to
occur through the same pathway as sodium, albeit at a
far slower rate: but lithium can substitute for potas-
sium in an adenosine triphosphatase (ATP-ase) system
of squirrel kidney cortex [21]. Therefore, both the
segmental localization and the functional charac-
teristics of lithium reabsorption by the mammalian
kidney leave important questions unanswered. In the
present experiments, changes in lithium reabsorption
appeared to be dissociated from sodium reabsorption
in the acute PTX rats. Whether this resulted from a
true dissociation of lithium from sodium reabsorption
within the proximal nephron, or alternately from
enhanced sodium reabsorption distally, is unclear.
In the case of phosphate, early micropuncture
studies suggested that its reabsorption occurred almost
exclusively within the proximal tubule [22]. However,
Amiel, Kuntziger and Richet first advanced evidence
that a significant portion of phosphate reabsorption in
the rat may occur within the distal nephron [23] and
more recent data from that laboratory indicate that
significant phosphorus reabsorption probably occurs
within Henle's loop [12]. Recent micropuncture studies
indicate that, while the phosphaturic responses to
acetazolamide [24] and saline infusion [25] are blunted
in the thyroparathyroidectomized dog, this altered
responsiveness does not result from accelerated proxi-
mal tubular reabsorption. Instead, after thyropara-
thyroidectomy, the capacity for phosphorus re-
absorption in the dog also appears to be increased
greatly at nephron sites beyond those accessible to
proximal tubule micropuncture [24, 251—transport
sites presumably characterized by a low capacity but
high avidity for phosphorus reabsorption. If lithium
were to share a reabsorptive site with phosphate only
in the early proximal nephron, overall lithium re-
absorption could be inhibited independently of phos-
phate during extracellular fluid volume expansion,
irrespective of the functional status of the parathyroid
glands. In the absence of more direct data regarding
lithium handling, however, this formulation is only
speculative.
In spite of these many uncertainties, our results
raise certain important clinical implications. Pub-
lished reports [4] and our own observations (Steele,
T. H., unpublished observations) indicate that, in
lithium-loaded patients with chronic renal disease,
FE11 is elevated substantially over the levels found in
normals. Although the fractional excretions of many
diverse solutes are elevated in chronic renal disease,
that of phosphorus is thought to be controlled primarily
by progressively increased parathyroid hormone
activity [26]. Despite current uncertainties regarding
the physiologic role of parathyroid hormone in
regulating overall proximal tubular reabsorption, our
experiments indicate that the functional state of the
parathyroid glands plays a relatively minor role in
determining FELl, in contrast to a prominent role in
regulating FED. The tendency to develop lithium
intoxication presumably would not be increased in
hypoparathyroidism, or decreased in either primary or
secondary hyperparathyroidism. As a corollary, the
use of lithium clinically as a "marker" or "indicator"
of proximal tubular reabsorption 14] could have
advantages over the use of inorganic phosphate for
that purpose. If subsequent observations indicate that
virtually all lithium reabsorption occurs within the
proximal tubule, then the use of lithium as a proximal
"marker" would not be associated with marked
perturbations in reabsorption due to variations in
parathyroid hormone secretion.
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